During spring 2005, satellite imagery revealed high sea surface chlorophyll a concentrations over the edge of a wide continental shelf in the Bay of Biscay (NE Atlantic). As a descriptor of biological productivity, mesozooplankton aspartate transcarbamylase specific activity was measured in situ during the bloom. Notably high values were detected in the bloom area relative to other parts of the study area.
Introduction
The accumulation of numerous compartments of the pelagic food web near the continental shelf edge and over the shelf break is a well-known phenomenon throughout the world ocean. From phytoplankton (e.g., Lampert et al., 2002) to numerous fish species (e.g., Uriarte and Lucio, 2001 ) and up to highest trophic levels, i.e. direct human's competitors such as birds (Certain et al., 2007) and large mammals (Certain et al., 2008) , this biocenosis benefits from inorganic nutrients supplied by physical forcings (New and Pingree, 1990; Gerkema et al., 2004) . Among such communities, the zooplankton play a pivotal role (sensu Banse, 1995) in the control of ocean production.
Within the framework of a small pelagic fish ecology programme, mesozooplankton samples have been systematically taken following a regular sampling design that covers the whole French part of the continental shelf of the Bay of Biscay (NE Atlantic). These samples were analysed for the activity of the enzyme aspartate transcarbamylase (ATC), which is involved in metabolic control of growth at the cellular level (Jones, 1980; Bergeron and Alayse-Danet, 1981) . At the community level, and according to the"ataxonomic approach" defended by certain authors (e.g., González and Quiñones, 2009) , quantitative variation of this enzyme's activity is considered to be a proxy for mesozooplankton overall productivity (Bergeron et al., 2009; 2010) . During the spring of 2005, satellite imagery revealed high concentrations of chlorophyll a along the Bay of Biscay shelf break. These high concentrations were accompanied by a significant increase in ATC specific activities in mesozooplankton. This phenomenon, for the first time evidenced through an objective biochemical tool on the mesozooplankton community level, is described herein.
Materials and methods
The PELGAS.05 research cruise, which was devoted to the study of the abundance and spatial distribution of small pelagic fishes using acoustic tools (Scalabrin and Massé, 1993) to the surface. On board the ship, samples were sieved through a 5-mm mesh to separate the macrozooplankton.
The mesozooplankton in the filtrate were homogenised in iced distilled water using a Polytron ® grinder. Next, 2.5-ml aliquots were immediately frozen in liquid nitrogen, where they were kept until the end of the cruise.
Thereafter, they were stored at -80 °C until analysis in the laboratory, as this storage procedure does not introduce any significant change in enzymatic activities (Biegala and Bergeron, 1998) . After thawing, the crude extract was homogenised again using a Potter-Elvehjem tissue grinder, and a 200-µl aliquot of the resulting homogenate was used for the ATC activity assay according to the method initially described by Bergeron and Alayse-Danet (1981) and revised by Biegala and Bergeron (1998) . Each sample was assayed in triplicate. ATC specific activity is expressed in nM CA (carbamylaspartate) produced min -1 mg -1 protein.
To quantify the amount of protein present, Lowry et al.'s (1951) method was used, with bovine serum albumin as the standard.
The satellite imagery of the sea surface in the Bay of Biscay was obtained from the NAUSICAA server for the Northwestern European shelves, which is administered by IFREMER (http://www.ifremer.fr/nausicaa2/marcoast/index.htm). The NASA space sensor SeaWiFS provides ocean colour images, from which chlorophyll a concentrations can be inferred from water-leaving radiance estimates (Gohin et al., 2002) . Moreover, images provided by satellites brought precious insights into basic phenomena involved in first steps of pelagic biological productivity such as sea surface temperature anomalies and solar irradiance:
for these aspects, we got NOAA/AVHRR data and METEOSAT-7 data respectively thanks to the NAUSICAA server, details about processing these data are given in Gohin et al. (2003) . We retained data got a few days before the beginning of the cruise because a time lag is necessary between occurrence of a whole of physical driving forces conditioning the appearance of a defined ecological context and the appearance of the effect on higher trophic level, i.e. in the present case on the metabolism of the mesozooplankton community (e.g. Mayzaud and Poulet, 1978) . We defined for this study the 2 nd of May 2005.
In Figure 1 , ATC specific activities are presented as square symbols. Four classes of values were arbitrarily defined according to the distribution of these values in each class in order to have a well-balanced distribution.
Results and discussion
Phytoplakton cells are the smallest living particles of the pelagic food web that may be spotted by satellites, owing to their natural radiance linked to chlorophyll a. Also phytoplankton cells' growth requires the conjunction of at least two assential factors: supply of nutrients and solar irradiation in sufficient quantities.
In 2005, over the Bay of Biscay's continental shelf, from the coastline to the 200 m isobath, chlorophyll a is concentrated both in coastal areas and over the continental slope (Fig. 1) . In coastal areas, it conforms to a classical pattern near the river mouths, but to a lesser degree than in previous years (e.g., 2001) during the same spring period (Bergeron et al., 2010) . High chlorophyll a concentrations are also revealed by the sea surface colour over the shelf break (as indicated by the 200 m isobath). Enhanced primary productivity is due to nutrient enrichment caused by river outflows near the coast and by nutrient-enriched upwelled deep water over the shelf break (Pichon and Correard, 2006) : this cold deep water may be viewed as a sea surface temperature anomaly ( Fig. 2a) and the phytoplankton bloom is strongly enhanced by an outstanding solar irradiance oscillating between 285 and 315 W.m -2 (Fig. 2b) , which lasted quasi-continuously until the end of the cruise (not shown, but ascertainable on the NAUSICAA server of IFREMER, see "Material and Methods" section for address).
Based on the spatial distribution of mesozooplankton ATC specific activities measured in the spring of 2005, the Bay of Biscay could be roughly divided into two main areas ( Fig. 1) : the southern part, where activities were fairly homogeneous, small, or moderate, and the northwestern part, where both weak activities as well as the strongest ones were measured.
In the northwestern part of the study area over or slightly beyond the 200 m isobath in the offshore direction, the ATC activities were among the highest observed (Fig. 1) . Samples collected at three stations located over or near the continental slope and where sea surface temperature revealed upwelled water (Fig. 2a) gave an ATC specific activity mean value (mean = 5.99, SD = 1.55, n = 3) clearly higher than the mean value calculated for all of the 43 stations sampled during the cruise (mean = 1.86, SD = 1.62, n = 43).
At another one of these strong activity areas, located alone at the mid-shelf (about 46°12N-2°25W), ATC specific activity reached 5.35 nM CA mg protein -1 . This rather high value occurred at a special station located over the "Plateau de Rochebonne", which is an underwater plateau indicated by an uneven line of the 50 m isobath ( Fig. 1 ): It is a small but famous place for fishermen and underwater hunters. Most probably this topographic anomaly on the sea floor encounters residual current (Koutsikopoulos and Le Cann, 1996) , creating turbulence, and a local increase in biological productivity, which is illustrated by this high ATC specific activity. In summary, these results confirm the feasibility of using ATC activity measurements to detect enrichment of the trophic environment of the mesozooplankton community, to describe the spatial variability of mesozooplankton metabolism during a research cruise, and to evaluate interannual fluctuations of the overall mesozooplankton productivity in the Bay of Biscay and the possible applications of such fluctuations to small pelagic fish ecology studies. Fig. 1 Overview of the sea surface colour of the Bay of Biscay provided by the space sensor SeaWiFS, which recorded the water-leaving radiance from chlorophyll a concentrations. Locations of the 43 stations where ATC specific activities (expressed in nM CA mg protein −1 ) were measured are presented as square symbols belonging to the four classes of values defined in the inset Fig. 2 Overview of sea surface temperature anomalies in the Bay of Biscay (light green from −0.95 to −1.20°C; light blue from −1.50 to −1.65°C; dark blue from −1.80 to −1.95° C; the red area at the top indicates hotter continental water flowing out of the Loire River) and zones of the region located over the continental shelf slope, where highest ATC activity values, pointed out in each square, were measured in mesozooplankton samples
